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DIFFERENTIATION OF MESENCHYMAL STEM CELLS
INTO CHONDROCYTES IN 3D SCAFFOLDS –
AN ANALYSIS OF BIOMECHANICAL RESPONSES BY
MATHMATICAL MODELS
J. Nam, B. Rath, B. Aguda, S. Agarwal
The Ohio State University, Columbus, OH
Purpose: Cartilage responds to compressive forces during nor-
mal joint movement. However, the intracellular mechanisms
which convert these signals into biochemical events remain ob-
scure. Here, by utilizing 3-D constructs of chondrocytic cells,
we show that biomechanical signals regulate chondrocytic re-
sponses in a magnitude-dependent manner. At high magnitudes
these signals induce, and at physiological levels these signals
inhibit proinﬂammatory gene induction. Furthermore, by using
mathematical models, we show that the intracellular actions of
mechanical signals can be predicted in a precise and controlled
manner.
Methods: 3-D constructs were fabricated by electrospun 15%
PCL ﬁber mesh of average 10 µm diameter and 90% porosity.
Scaffold cylinders were 3.0 mm thick and 6.0 mm in diame-
ter. C3H10T1/2 mesenchymal cells (200,000 cells/scaffold) were
transformed into chondrocytic cells by growing them in the scaf-
fold in DMEM with 10% FBS, 1% pen/strep and 1% L-glutamine
for 5 days. Cells were phenotyped to conﬁrm chondrocytic gene
expression and subjected to compressive loads. Scaffolds were
exposed to dynamic compressive forces (DCF) at a magnitude
of 5% or 15% at a rate of 0.5 Hz for various time intervals. The
effects of DCF on gene expression for inducible nitric Oxide syn-
thase (NOS2A), matrix metalloproteinase (MMP)-13, NF-kB p65,
I-kBa and I-kBb were analyzed by real time PCR using preestab-
lished probes and primers. Synthesis of proteins was studied by
Western blot analysis. The NF-kB nuclear translocation and IkB
degradation was analyzed by immunoﬂuorescence. For statistical
analysis, ANOVA and Student’s T-test were performed.
Results: 3-D PCL constructs induced growth and differentiation
of mesenchymal cells into chondrocytes heavily impregnated in
proteoglycans and collagen type II matrix and of cartilaginous
appearance. DCF (5% at 0.5 Hz; LowDCF) down regulated
more than 90% of the IL-1b-induced NOS2A mRNA expres-
sion and protein synthesis in 3-D constructs of chondrocytic
cells. However, 15% DCF at 0.5 Hz (HiDCF) alone was proin-
ﬂammatory and induced NOS2A mRNA expression and protein
synthesis. Furthermore HiDCF synergized with IL-1b to induce
NOS2A induction. Further examination of the effects of HiDCF
and LowDCF on NF-kB nuclear translocation showed that DCF
regulates NF-kB signaling cascade to induce or inhibit proinﬂam-
matory gene induction. A mathematical model was developed
to test our understanding of the signaling network involved, and
that our experiments can be simulated and generate predictions
that will guide future experiments. The steps in the model are
the steps for the production of cytokine in response to lowDCF
and HiDCF and the effect of mechanical signal on the activation
of IKK. Individual steps and their rate of expressions, and the
parameter values were used to simulate the effects of DCF. The
differential equations described the dynamics of the system and
the effects of various magnitudes of DCF that could be simulated
with deﬁned predictability.
Conclusions: The results demonstrate that 3-D scaffolds can
be used to transform mesenchymal cells into mechanorespon-
sive chondrocytic cells and allow mechanical activation of these
cells. Chondrocytes respond to DCF in a magnitude-dependent
manner. These responses of chondrocytes can be used to make
mathematical models of proinﬂammatory pathways to show that
chondrocytes respond to biomechanical signals in a predictable
dose dependent manner. Supported by NIH grants AT00646,
DE15399, AR04878, HD40939.
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MODULATION OF CXC CHEMOKINES AND THEIR
RECEPTORS DURING CHONDROGENIC
DIFFERENTIATION OF HUMAN MESENCHYMAL STEM
CELLS GROWN IN THREE-DIMENSIONAL SCAFFOLD:
EVIDENCE IN NATIVE CARTILAGE
G. Lisignoli, S. Cristino, A. Piacentini, C. Manferdini,
K. Codeluppi, F. Grassi, A. Facchini
Istituti Ortopedici Rizzoli, Bologna, Italy
Purpose: Cartilage matrix proteins are known to inﬂuence chon-
drocyte functions that are the main regulator of the physiologically
low turnover of the cartilage. Recent reports demonstrate that
the maintenance of cartilage homeostasis is also modulated by
soluble factors, like chemokines. Aim of this study was to eval-
uate the expression of CXC chemokines CXCL8 (IL8), CXCL10
(IP-10), CXCL12 (SDF-1) and CXCL13 (BCA-1) and their re-
ceptors, respectively CXCR1-2, CXCR3, CXCR4 and CXCR5,
during chondrogenic differentiation of human mesenchymal stro-
mal cells (h-MSCs), using a well-deﬁned in vitro 3-D model.
Methods:Chondrogenic differentiation was analysed on h-MSCs
grown on hyaluronic acid-based biomaterial in the presence or
absence of TGFβ, and the expression and modulation of CXC
chemokine/receptors were evaluated at different time points.
Real-time PCR was performed to analyse their expression at
mRNA level and immunohistochemistry and ELISA were used
to evaluate their expression at protein level. Human articular
cartilage biopsies were used to evaluate chemokine/receptor
expression in normal tissue.
Results: We found no expression of CXCR1, CXCR2, CXCR3
and CXCL10 at mRNA level. CXCL8 mRNA was down-
modulated while at protein level we found an increased release
of this chemokine. CXCR4 and its ligand CXCL12 were down-
modulated during chondrogenesis. By contrast, CXCR5 was
up-regulated while its ligand CXCL13 was decreased. These
data were also conﬁrmed on human articular cartilage.
Conclusions: These ﬁndings demonstrate that during in vitro
h-MSC chondrogenic differentiation chemokine/receptor expres-
sion was speciﬁcally induced or repressed in line with what we
found in normal articular cartilage, thus suggesting a role in
differentiation and maturation of a cartilage-like structure in vitro
and consequently in the regulation of cartilage homeostasis.
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CALCINEURIN – NUCLEAR FACTOR OF ACTIVATED T
CELLS (NFAT) PATHWAY REGULATES ADULT HUMAN
ARTICULAR CHONDROCYTE DIFFERENTIATION
A.E. van der Windt, H. Jahr, P. van der Laan, P. Pavljasevic,
E. Farrell, J.A. Verhaar, H. Weinans, G.J. van Osch
Erasmus MC, University Medical Center, Rotterdam, The
Netherlands
Purpose: When chondrocytes loose their cartilagenous phe-
notype (dedifferentiation), they produce extra-cellular matrix of
inferior quality, accompanied by a shift from collagen type II and
aggrecan production to collagen type I and versican production.
The loss of the chondrogenic phenotype observed after in vitro
monolayer expansion of isolated chondrocytes, as required for
several cell-based therapies, may also play a role in the patho-
genesis of osteoarthritis.
From the different signaling pathways that have been implicated
in regulating chondrogenic differentiation, we will here focus on
the calcineurin (Cn) - nuclear factor of activated T cells (NFAT)
route. The Cn inhibitor FK506 (Tacrolimus) induced chondro-
genesis in clonal mouse embryogenic carcinoma cells and in
human synovial stromal cells. Cn and its substrate NFATc3 in-
